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BIOLOGICAL BULLETIN. 


THE CENTROSOME IN THE MATURATION AND 
FERTILIZATION OF BULLA SOLITARIA. 


MARTIN SMALLWOOD. 


THE material upon which the following observations were 
made was collected at Woods Holl during the seasons of 
1898-1900. The greater part of the work was done at the 
Marine Biological Laboratory under the direction of Dr. E. G. 
Conklin, and I take this opportunity of thanking him for his 
many valuable suggestions. I also wish to acknowledge my 
indebtedness to Dr. C. O. Whitman and Dr. C. W. Hargitt. 

A fuller account of my observations both upon the subject 
of this paper and the cell lineage of Bulla, with a discussion of 
the pertinent literature, will be published later. 

The sketches illustrating the mitotic changes in maturation 
were drawn from sections stained with Heidenhain’s iron- 
alum followed by an aqueous solution of Bordeaux. In order 
to differentiate the sperm, it was necessary to use Conklin’s 
mixture of haematoxylin and picric acid. The sperm, there- 
fore, has been drawn from corresponding stages and inserted 
into these figures. 

In the interpretation and nomenclature of the centrosome 
and sphere I have followed in the main Van Beneden. The 
term “‘centrosome’”’ will be applied to the body which occurs at 
the pole of the spindle, etc., when that body has become differ- 
entiated into a central corpuscle, surrounded by a clear area, 
the medullary zone bounded by a definite wall. The body 
occurring at the center of the aster is the central corpuscle. 
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The central corpuscle becomes the centrosome. Sections of 
the ovotestis before copulation show the unfertilized egg lying 


free in the follicles of the hermaphroditic gland. The large 
germinal vesicle lies in the center of the egg; it contains a 
large vacuolated nucleolus, also basichromatin and oxychroma- 
tin granules. The deutoplasmic spheres are equally distributed 
in the cytoplasm and conceal its structure. I have not been able 
to discover any evidence of a central corpuscle or centrosome 
in the egg before mitosis begins. By the time the eggs are 
laid the first polar spindle is in the end of the prophase. In 
order to secure the earlier stages, a large number of animals 
were collected and killed as soon as they began to lay. The 
first polar spindle begins to form as the animals begin to lay. 
Sections ‘of the ovotestis taken from animals killed while they 
were laying revealed the fact that every mature egg had 
already passed through the early prophase of the first spindle ; 
even those eggs in the most distant follicles, where it is prob- 
able that the sperms from the receptaculum 
seminalis had not penetrated; I have found 
the sperms in the anterior part of the herma- 
phroditic duct, but not extending back to 
any considerable distance. The earliest 
stage thus far discovered had two well- 
71. 1. —Taken from the formed central corpuscles and a definite cen- 
ee cate = tral spindle connecting each, which passed 
rounded by the cortical through the germinal vesicle, the walls of 
zone of the sphere. The : : a . 
central spindle is welt Which are plainly visible. The ring-shaped 
formed and thechromo- chromosomes have begun to form from the 
somes are forming into 
the first equatorial plate. meshwork of linin and chromatin. The re- 
eee 2 panna duction of the chromosomes has not been 
sperm entering at vege- worked out in detail. These ring-shaped 
tal pole. 
chromosomes gradually take a deeper stain 
and come to lie in the equatorial plate of the first polar 
spindle (Fig. 1). In a cross-section of the equatorial plate 
I was able to count sixteen distinct chromosomes. There 
is a distinct cortical zone surrounding the central corpuscle. 
The astral rays pass through this clear area and extend 
to the central corpuscle. At this stage I have been able to 
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trace them nearly to the egg membrane. From now on, 
there does not appear to be any appreciable change in the 
mitotic figure, until after the egg has been laid, when it begins 
to migrate to the periphery of the egg, where it assumes a 
radial position. There is no difference in the character of the 
two poles of the spindle. During this movement of the spin- 
dle the chromosomes pass into the metaphase, and the cen- 
trosome becomes differentiated into a central corpuscle and 
a medullary zone which is limited by the walls of the old 
central corpuscle. This is the first time that we have a struc- 
ture to which we can apply the term “centrosome” in the sense 
that I purpose to use the term. The cortical zone has enlarged 
and become much fainter. The chromosomes do not divide at 
once ; the activity is centered in the centrosomes. While the 
chromosomes are still in the equatorial plate, the central cor- 
puscle in each centrosome divides, having the dumbbell form. 
The centrosome rapidly increases in size, the periphery is 
limited by a definite line, which gradually becomes thinner. 
The medullary zone does not take a plasma stain, as it did in 
the previous stage (Fig. 9). The centrosome now begins to 
assume an elliptical form and at the same time to rotate. 
This rotation continues until the elongated centrosome, which 
encloses the second polar spindle, lies radially and in the same 
position that the first polar spindle did. The central cor- 
puscles, connected by a central spindle, are so influenced by 
this elongation of the walls of the centrosome that they come 
to lie near the ends —at the foci of the ellipse. As the outer 
pole of the second polar spindle nears the periphery of the 
egg, the rays extend to the chromosomes, and they are pulled 
into the spindle to form the equatorial plate of the second 
polar spindle. It will be seen that in the main my results 
corroborate those of MacFarland,! Lillie,? and Conklin.* 

The changes which take place in the centrosome during this 
stage are very interesting. The centrosome is so large and 
comes out with such perfect clearness that I have been able to 


1“ Cellulare Studien an Mollusken-Eiern,” Zod/. Jahr. 1897. 
* “Centrosome and Sphere in the Egg of Unio,” Zo0/. Bull. Vol.i, No.6. 1808. 
’ Science, March, 1898. 
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follow the details very carefully. The spindle is developed 
when the central corpuscles separate. At this time a very 
faint line can be seen connecting the new corpuscles; as 
the distance between them increases, the line becomes more 
distinct, until a central spindle can be clearly distinguished. 
In the mean time the line limiting the centrosome has become 
broken into pieces, which gradually become smaller and smaller 
until they cannot be. distinguished from the granules of the 
cytoplasm. While these changes have been taking place, this 
broken line has served to mark the outer limit of the medullary 
zone. The old medullary zone has disappeared, and between 

the central corpuscle and the broken wall of 

the centrosome we have a new medullary 

zone, which is the the 

second polar spindle. The process is as 


cortical zone of 
follows : as the walls of the centrosome begin 
to break down, an area next to the central 
corpuscles and at each end of the centro- 


Fic. 2 some appears ; this begins to take a plasma 


first maturation spindle 


Metaphase of 


I'wo central corpuscles 


Cortical 
zone limited by a dotted 


at each pole 
outline. The medullary 
zone does not take a 
plasma stain at this 
stage. Sperm head solid 
and elliptical 


stain (Fig. 3). The area gradually surrounds 
the central corpuscle and all of the space at 
the end of the spindle between the central 
corpuscle and the wall of the centrosome. 
In the mean time the central corpuscle has 


increased in size and is to become the cen- 

trosome of the second polar spindle; it ultimately becomes 
differentiated into a central corpuscle and a medullary zone. 

Fig. 2 shows two central corpuscles in the centrosome at 

each pole of the spindle. Linville! shows a similar but not 

identical stage. 


The centrosome of the outer pole of the 
spindle does not enlarge more than is shown in the figure; as 
it reaches the surface of the egg, it breaks down and the cen- 
tral corpuscles form the division centers in the first polar 
body. 

There is no telaphase in the first maturation spindle. 
nearest approach to such a stage is shown in Fig. 3, where the 


The 


1 “ Maturation and Fertilization in Pulmonate Gasteropods,” Bud/. Mus. Comp 
Zoil., Harvard. Vol. xxxv, No. 8. 
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chromosomes have become partly hollow vesicles. A few of 
the interzonal fibers show at this stage, but they are very faint. 
In the metamorphoses of the centrosome its attachment to 
the astral rays is plainly evident; the old 

rays can sometimes be seen in a stage 

younger than the one shown in Fig. 11, 

when the new rays have already begun to 

form and are attached to the central corpus- 

cle. I believe that the rays of the first polar 


Fic. 3.— Prophase second 
maturation spindle. Wall 
of centrosome broken in 
pieces. Central corpuscles 
connected by a spindle. 
New cortical zone form- 
ing Chromosomes are 


partly hollow. A few in- 


spindle disappear and that the rays of the 
second spindle rise de novo. 

The metakinesis of the second polar spin- 
dle takes place very rapidly. The chromo- 
somes elongate, divide transversely, and as 
they move toward the poles, they assume a 


terzonal fibers are present 


roundish form, and change into vesicular 
bodies which fuse to form the female pronucleus. During the 
time when they are fusing, the rays can be traced directly 


into the areas immediately surrounding them. In the stage of 


anaphase as represented in Fig. 5, the centrosome is evident, 
although it does not stain as deeply as in Fig. 4. 
after this stage the centrosome disappears and the cortical 
zone enlarges and completely surrounds the 
female pronucleus; later both male and 
female pronuclei come to lie in this clear 


Immediately 


area. A single centrosome passes off with 
the second polar body, which is much smaller 
than the one given off in the first polar body 
(Fig. 4). 

The eggs of this species are not especially 
favorable for a study of the problem of fer- 
tilization. During all of the earlier stages, 
the sperm head lies completely surrounded by 
deutoplasmic spheres. I have not been able to make out any 
continuous clear area about the sperm head during its prog- 
ress through the egg. In one instance there was a definite 
clear area about the sperm nucleus after it had nearly ap- 
proached the female pronucleus, otherwise it was unattended 


Fic. 4. — Anaphase second 
maturation spindle. Cen- 
trosome at each pole with 
a single central corpuscle. 
The medullary zone takes 
a plasma stain. 
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by anything that corresponds to the “ Hellerhof” of MacFar- 
land and others. The sperm enters at the vegetal pole, though 
not in any definite place. The tail is lost before the sperm 
enters the egg membrane (Fig. 1). The head is a solid body 
having a distinct angle in the middle. If there is a middle- 
piece, it is practically indistinguishable. The only indication 
that I have found of such a body is that on one end of the 
sperm head sometimes one finds a narrow band that stains a 
little denser than the rest of the head. 
The sperm head becomes top-shaped as it begins to migrate 
toward the animal pole with the point leading. The head 
becomes elliptical (Fig. 3) and stains very 
black. It remains in this solid form for 
some time, while the first polar spindle is 
passing from the metaphase until the ana- 
phase of the second polar spindle. During 
the anaphase of the second maturation, the 
solid sperm head becomes vesicular, and for 
MF ond mea @ very short time is accompanied by astral 
spindle. Centrosome rays. I have not been able to discover a 
still present. Cortical 


zone enlarging. The CeMtral corpuscle in connection with the 


sperm is composed of 


Fic. 5. — Late anaphase 


aster, nor have I ever seen an amphiaster. 


three vesicles and ac- 


companied by astral At this same time secondary asters usually 

_ appear in the egg, which are smaller than the 
sperm aster. As the chromosomes of the second polar spindle 
begin to assume the vesicular form, the sperm aster disappears, 
and the sperm, consisting of one or more vesicles, rapidly ap- 
proaches the inner pole of the second polar spindle. When 
the sperm consists of more than one vesicle, these fuse into 
one when the aster disappears. While the vesicular sperm is 
shifting its position it does not increase in size to any notice- 
able extent, but as soon as it comes near the female pronucleus, 
which now consists of but three or four vesicles, it rapidly 
increases in size until it is about twice as large as it was when 
migrating toward the animal pole. From the time that the 
sperm head enters the egg until it comes to lie in contact 
with the female pronucleus (Fig. 6), it is not attended, so far 
as I have observed, by any body which might be taken for a 
central corpuscle or a centrosome. 
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The structure of the two pronuclei when they have come 
together (Fig. 6) is the same. The male pronucleus is usu- 
ally regular in outline and slightly smaller. The irregularities 
in the outline of the female pronucleus often 
persist until the central corpuscles of the 
first cleavage appear. The chromatin stains 
very slightly and is connected by delicate 
linin threads. The changes through which 
the chromatin passes before the equatorial 
plate is formed may be described under 
three stages. First, the chromatin rapidly 
increases in staining power, forming a dense 
reticulum, often containing stellate masses 
of solid chromatin. Second, the chromatin 
begins to assume a definite form. The most 
conspicuous shape is the stage where the 
masses of chromatin have begun to break up 
into rings but are still attached to one another. 
somes have not yet become hollow. 


Fic. 6. — The female pro- 
nucleus is irregular in 
outline, surrounded by 
the cortical zone of the 
inner pole of the second 
maturation spindle. A 
few astral rays are pres- 
ent. Zwischenkérper 
of second polar body 
present. 


The chromo- 
They stain uniformly. 


Third, the chromosomes have broken apart from each other, 


and have become hollow, round bodies. At first there is a 
delicate meshwork connecting them (Fig. 7), but this is soon 
lost and each pronucleus is filled with ring- 
shaped chromosomes. While the chromatin 
is undergoing the last two changes, the 
central corpuscles (the so-called cleavage 
centrosomes) of the first cleavage spindle 
make their first appearance. I have found 
them in a much earlier stage than the one 


Fic. 7. — Origin of cleav- 


figured, but in each case there was no con- 
nection between them ; but these corpuscles 
with their rays have a definite relation with 
the pronuclei, that is to say, each pronucleus 
has an aster and central corpuscle with 
a faint cortical zone. 


age centrosomes. One 
in connection with each 
pronucleus. The cen- 
tral corpuscles are 
surrounded by a faint 


cortical zone. 


My observations upon the cleavage 


centrosomes would tend toward the position, first, that they 
arise de novo; and, second, that one arises in connection with 


each pronucleus. 
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Metamorphosis of the Centrosome in Maturation. 


The definiteness and clearness with which the several 
changes in the centrosome appear in Bulla make these changes 
the most important of the various stages in maturation and 
fertilization. In describing the changes of the centrosome, 
under various stages, I have no theoretical points in considera- 
tion. While the stages figured are clearly differentiated, still 
there are intermediate stages which graduate imperceptibly 
into one another. 

In the earliest prophase that I found the central corpuscle 
was a large solid mass (Fig. 8). Surrounding the central cor- 
puscle there was a conspicuous area, the cortical zone, which was 
sharply differentiated from the cytoplasm. The rays are not 
lost in the cortical zone, as MacFarland has shown for Diaulula, 
but extend to the central corpuscles, as Lillie has shown for 
Unio, and Linville for Limnaea. However, I do not find a row 
of microsomes, as in Unio, limiting the sphere, nor is the bound- 
ary formed by the fusing of the astral rays, as in Limnaea. 

Second stage (Fig. 9). The central corpuscle has become 
clearly differentiated into a centrosome. It reacts to stain in 
a very different manner from what it did in a previous stage. 
There is now a medullary zone which takes on a plasma stain 
and is limited by a distinct line. The small dark body in the 
center is the new central corpuscle. The cortical zone has 
increased in size and is less easily distinguished from the sur- 
rounding cytoplasm. The line marking the periphery of the 
centrosome is the limiting wall of the enlarged central corpus- 
cle of the previous stage. 

Third stage (Fig. 10). The centrosome has increased in size. 
The line at the periphery is definite and whole. The central 
corpuscle of the previous stage has divided into two central 
corpuscles, which are connected from the first by faint lines. 
The medullary zone does not take a plasma stain. The corti- 
cal zone has become very faint and soon disappears as a 
distinguishable area in the cytoplasm. 

Fourth stage (Figs. 3 and 11). The periphery of the centro- 
some loses its continuity, and openings occur in the wall; while 
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these changes in the wall are taking place, the centrosome 
becomes much enlarged and assumes an elliptical shape. Im- 
mediately after these breaks appear, there is a small part of 
the medullary area which takes a plasma stain. This area is 
somewhat triangular in shape and occurs at the end of the 
centrosome between the central corpuscle and the broken 
periphery of the centrosome. New astral rays are formed 
which extend to the central corpuscle. The old astral rays can 
be seen disappearing at this stage in the cytoplasm. 

Fifth stage (Fig. 12). The central corpuscle of the second 
polar spindle has enlarged and is still undifferentiated. The 
pieces of the periphery of the old centrosome have become 


Fic. 8. Fic. 9. FiG. 10. Fic. 11. Fic. 12. Fic. 13. 
Fics. 8-13. — The changes through which the central corpuscle and centrosome pass from the 
prophase of the first maturation spindle to the metaphase of the second maturation spindle. 
In each case the solid dark body is the central corpuscle. The granular area surrounding the 
central corpuscle is the cortical zone. Figs. 9, 10, and 13 show a complete centrosome, 
having a central corpuscle and medullary zone. 
smaller. There is now a distinct cortical zone around the cen- 
tral corpuscle, which has been derived from the medullary 
zone of the centrosome of the first polar spindle. This stage 
is identical with the first one described, except that the rim of 
the old centrosome is still present and the central corpuscle is 
only about one-half as large. 

The sixth stage (Fig. 13) shows the rim of the old centro- 
some still present, but in smaller pieces which do not stain 
as deeply as in the previous stage. The cortical zone has 
enlarged and become fainter. The centrosome is composed of 
a medullary zone and a central corpuscle. 


Summary. 


The central corpuscle of the first polar spindle becomes the 
centrosome of the second polar spindle with a medullary zone 
and a central corpuscle. The medullary zone of the centro- 
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some of the first polar spindle gives rise to the cortical zone of 
the second polar spindle. The central corpuscle of the cen- 
trosome of the first polar spindle gives rise to the centrosome 
of the second polar spindle. Thus we may say that the cen- 
trosome of the first polar spindle in Bulla solitaria not only 
gives rise to the centrosome and mitotic figure of the second 
polar spindle, but to the cortical zone or outer sphere substance 
surrounding each centrosome. 


ALLEGHENY COLLEGE, 
October, 1g00. 





CONTRIBUTIONS ON THE MORPHOLOGY OF 
THE ACTINOZOA. 


J. PLAYFAIR McMURRICH. 


VI. HALCURIAS PILATUS AND ENDOCOELACTIS. 


In 1892 Carlgren showed that certain Edwardsiae, whose 
tentacles were more numerous than the mesenteries, had these 
tentacles arranged on the hexactinian plan, their arrangement 
in this presumably primitive group of the Actiniaria seeming 
to foreshadow what is characteristic of the phylogenetically 
later group. In other multitentaculate Edwardsiae he found 
what seemed to be an octamerous arrangement combined to a 
certain extent with hexamerism, but later studies ('99) con- 
vinced him that the octamerism did not occur, and that in all 
cases the hexamerous arrangement obtained. 

In the mean time an important discovery had been made by 
Faurot ('95) in studying Edwardsia beautempsit and E£. ade- 
nensis, the former of which possesses fourteen to sixteen ten- 
tacles, while for the latter the number is stated to be fifteen to 
sixteen. Sections through the column showed the eight mesen- 
teries, which have long been supposed to be the only mesen- 
teries developed in the Edwardsiae; but in the uppermost 
portions a number of additional very short and narrow mesen- 
teries were found which in £. deautempst were placed in such 
a way as to make with the perfect mesenteries an arrangement 
recalling what occurs in Gonactinia prolifera. Thus there were 
eight pairs of mesenteries present in the upper part of the 
column, two of which, the directives, were formed of two per- 
fect mesenteries, four of one perfect and one imperfect mesen- 
tery, and one of two imperfect mesenteries. In £. adenensis 
the additional short mesenteries were arranged in pairs in each 
interval between adjacent perfect mesenteries, except in the 
endocoel of the directives, so that in this form the arrangement 
differed somewhat from that typical for the hexactinians. 


ISs 
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These observations show reason for believing that in the 
Edwardsiae there is an intimate relation between the number 
of tentacles and that of the mesenteries, and that when there 
are more than eight tentacles there is a strong probability that 
a number of short mesenteries are also present in the upper 
part of the column. It is a general rule in the Actininae that 
the number of tentacles in the fully developed condition is 
double that of the pairs of mesenteries or, in other words, that 
there is a tentacle corresponding to each endocoel and each 
exocoel, the number of tentacles being equal to the total num- 
ber of mesenteries. Exceptions, due to a lack of development 
of the full complement of tentacles, are of common occurrence, 
in many cases probably owing to the specimens examined not 
having reached their full development, though even in some 
adults, apparently, the number of tentacles never reaches that 
of the mesenteries, as is the case, for instance, in Peachia 
hastata, which, with twenty mesenteries, never has more than 
twelve tentacles. 

The rule may be better expressed by saying that te numder 
of the tentacles never exceeds that of the mesentertes, and when 
an apparent exception to this occurs the presumption is that 
closer examination will reveal the existence of small mesen- 
teries limited to the upper part of the column and in sufficient 
numbers to fulfill the requirements of the rule. 

Acting on this supposition, I have made a further study of 
the upper portion of the column of Hadcurias pilatus, a form 
which I have already described as possessing twenty mesen- 
teries and a number of tentacles considerably in excess of that 
of the mesenteries, having been estimated in one specimen 
(93) to be about seventy, and in another ('98) to be about 
sixty. Sections showed, as I had expected them to do, the 
presence of a number of short and narrow mesenteries in the 
upper part of the column, the number of these pf/us the twenty 
perfect mesenteries being equal to the total number of the 
tentacles, which proved to be sixty-eight. 

The sections also revealed, however, a peculiarity which I 
had not expected, and which, as may be seen from Fig. 1, con- 
sisted in the short, narrow mesenteries being developed in the 
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endocoelic spaces bounded by the perfect mesenteries. The 
sections did not, unfortunately, cut the column perfectly trans- 
versely, but the arrangement which obtained may be perceived 
from the representation of the half of one section shown in Fig. 1, 
and from the diagram (Fig. 2) which represents a reconstruction 
from a perfect series of sections. On each side of the median 
line of Fig. 1 is one of a pair of directives, that to the right 
being cut at the level of the oral stoma, as is also another 
mesentery in the right half of the figure. On each side of the 


Fic. 1. — Transverse section through the upper part of the column of //a/curias pilatus. 
7 =tentacle.  =directive mesenteries. 
directives is a perfect mesentery with its muscle pennon on 
the same side as that of the adjacent directive, and on the left 
side this mesentery is succeeded by one which evidently forms 
with it a typical pair, though it may be noticed that the endo- 
coel enclosed by this pair is broader than the adjacent exocoels. 
On the right side, where, owing to the obliquity of the sec- 
tions, the column is cut higher up, the bases of some of the 
tentacles (7) being cut, the mesenteries of the first lateral pair 
are widely separated, and between them three imperfect pairs 
occur, which evidently represent two cycles. The succeeding 
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exocoel is much narrower than either of the adjacent endocoels 
and contains no imperfect mesenteries, while in the next endo- 
coel two pairs of mesenteries are seen on the right side and 
one on the left. By following through the series of sections 
it is readily seen that the arrangement found in the first lateral 
endocoel of the right side is repeated in all the others, except 
in the cases of the endocoels enclosed by the directives, and 
the condition repre- 

sented diagrammat- 

ically in Fig. 2 is 

that which obtains. 

Owing to the rel- 

ative widths of the 

endocoels and exo- 

coels, and the pres- 

Fic. 2. — Diagram showing the arrangement of the mesenteries nce of imperfect 
ee mesenteries in the 

former, the first impression one receives is that of a form with 


a large number of directive mesenteries. That such an inter- 
pretation of the conditions is erroneous is clearly shown, how- 


ever, by reference to the mesenteries on either side of the true 
directives. It is interesting to note that the development of 
the imperfect mesenteries, which are plainly arranged in two 
cycles, follows the hexactinian rule, the smaller pairs being 
developed in the intervals between the larger pairs and the 
adjacent perfect mesenteries. It may be added that my sec- 
tions show the existence of a marginal stoma in each perfect 
mesentery in addition to the oral stoma already mentioned. 
From the description given above, it will be perceived that 
the arrangement of the mesenteries in Hadcurtas pilatus is 
identical with that described by Carlgren ('97) for a form 
from the Chinese seas which he refers to the genus LEndo- 
coelactis and to a new family, the Endocoelactidae. The simi- 
larity to Halcurias is by no means confined, however, to the 
arrangement of the mesenteries, and there can be no question 
but that the two forms must be referred to the same genus, 
to which, notwithstanding the greater appropriateness of Carl- 
gren’s name, the prior term, Hadcurias, must be applied. The 
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specific identity of Carlgren’s form with H. pilatus seems 
improbable ; for, apart from the difference in the localities for 
which the two have been obtained, the tentacles of the Chinese 
form are longer apparently than those of H. fi/atus, and to 
judge from Carlgren’s figures, the longitudinal musculature of 
the tentacles is weaker and its mesogloeal processes coarser. 
It seems preferable at present to regard them as distinct, and 
since Carlgren, in his brief notice, has bestowed no specific 
name on his Endocoelactis, 1 would suggest that it be named 
Halcurias Carlgrent, as a slight recognition of the admirable 
work which that author has accomplished on the morphology 
of the Actiniaria. 

An examination of the arrangement of the tentacles of 
H. pilatus with reference to the mesenteries was made in the 
series of transverse sections and also by an examination of the 
disk, and the results obtained were essentially the same as 
Carlgren’s. I was not able, however, to distinguish any dif- 
ference in the position of the tentacles over the endocoels 
bounded by the imperfect mesenteries, though on theoretical 
grounds it is probable that some difference does exist, and, 
furthermore, the study of sections seemed to indicate that the 
tentacles over the directive endocoels were situated a little 
nearer the mouth than were the others represented as being in 
the same cycle in Fig. 2; an examination of the disk failed, 
however, to confirm this appearance. 

As regards the systematic position of Hadcurias, a few re- 
marks are in order. I at first ('93) assigned it to the family 
Halcampidae, but later ('98) deemed it advisable to separate 
it from that family and refer it to Hertwig’s Antheomorphidae. 
Carlgren in the mean time had established for his Exdocoe- 
lactis the family Endocoelactidae. There are apparently three 
courses open for the disposal of the genus. It may be referred 
to a family already existent, the definition of the family being 
changed, if necessary, to accommodate it; or it may be taken 
as the type of a distinct family, as Carlgren has done; or, 
finally, it may be separated altogether from the Hexactiniae 
and regarded as the type of a separate tribe. 

It seems to me that this last procedure is quite unnecessary, 
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and would probably be entirely out of harmony with the phylo- 
genetic relationships of the genus. We have learned within 
recent years how extensively nearly allied forms may differ, 
and how great are the modifications which the hexactinian 
type may undergo. The entire facies of Halcurias is that of 
an hexactinian, and it may furthermore be pointed out that 
instances of the occasional endocoelous development of mesen- 
teries have been already recorded by G. Y. and A. F. Dixon 
(89) in Bunodes thallia and by Haddon ('98) in Actiniotdes 
dixoniana and A. papuensis. 

If, then, the third possibility be excluded, Ha/curtas must 
either be assigned to an existent family, the endocoelous 
development of mesenteries being regarded as of minor im- 
portance, or this feature may be considered of sufficient 
importance to warrant the establishment of a separate family. 
I have already indicated my belief that the peculiar mode of 
development of the secondary and tertiary mesenteries is of 
minor importance and see no more reason for separating Ha/- 
curias as the type of a new family than I do for separating an 
octamerous sagartian, or one with a multiplicity of mouths and 
many siphonoglyphs, from the rest of the members of that 
family. 

It remains then to consider what the forms may be with 
which Ha/dcurtas may be associated. As Carlgren has remarked, 
and as I have indicated by the position to which I have referred 
it in previous papers, /a/curias occupies a position near the 
base of the hexactinian stem. The small number of perfect 
mesenteries, the occurrence of reproductive organs on all of 
them, the absence of a distinct sphincter muscle, the simplicity 
of the margin, are features which, when combined in one indi- 
vidual, indicate for it a somewhat low position. Are there 
other forms which present a similar combination of peculiari- 
ties associated with the development of an adherent base? 

Two forms suggest themselves in this connection, namely, 
Gonactinia prolifera and Protanthea simplex; but both of these 
present peculiarities which render their association with Ha/- 
curtas inadvisable. They both have but eight perfect mesen- 
teries, the remaining ones, eight in Gomactinia and about 
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eighty-eight in Protanthea,! being imperfect, and the ciliated 
lobes are lacking in their mesenterial filaments. On account 
of these peculiarities it seems to me that these two forms 
must be grouped together in a family, Gonactiniidae, as Carl- 
gren ('93) has proposed, and Ha/curias cannot be placed with 
them. The family Gonactiniidae must, I believe, be placed 
among the Hexactiniae, as indeed must all the forms which I 
have included in the past in the order Protactiniae, as well as 
those which Carlgren has referred to the Protantheae. The 
discovery of hexactinian mesenteries in certain Edwardsiae, 
already referred to, necessitates either the abolition of both this 
order and that of the Protactiniae, or else an extension of the 
latter to include both the Edwardsiae and many of the Hal- 
campidae, and it seems to me that the former step is the most 
practical and the most in accord with a correct phylogenetic 
scheme. Not that I mean by this that the stages of develop- 
ment shown by the members of the group do not represent 
phylogenetic stages in the evolution of the Hexactiniae. Cer- 
tainly no one will imagine that what has so long been regarded 
as the Edwardsian type of structure is not in reality a primary 
phylogenetic condition, even though we are now obliged to 
regard the existing Edwardsiae as true hexactinians which 
secondarily in some cases may represent the more primitive 
condition.2 The facts of embryology speak too strongly re- 
garding the Edwardsian stage to allow of question as to its 
past occurrence, and I believe that there can be as little ques- 
tion regarding the stages which I have supposed to intervene 
between the Edwardsiae and the typical Hexactiniae, even 
though the forms which to-day represent these stages do so 
possibly only on account of secondary modifications. 


1 Protanthea has four imperfect mesenteries which make pairs with the four 
lateral perfect mesenteries, and twelve others arranged in pairs in the primary 
exocoels, all being fertile and provided with mesenterial filaments. In addition to 
these there are, however, as in //a/curias, a number of short, narrow mesenteries 
confined to the upper part of the column and standing in relation to the tentacles, 
of which there are about ninety-six. 

2? Compare Van Beneden, Les Anthozoaires in Ergebnisse der in dem Atlan- 


tischen Ocean, etc., ausgefiihrten Plankton-Expedition der Humboldt-Stiftung. 
II. 1898. 
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It seems inadvisable then to associate a/curias with Gonac- 
tinia and Protanthea, but there still remains a possible asso- 
ciation with Hertwig’s Antheomorphidae. Unfortunately the 
forms upon which this family was founded are insufficiently 
known, but it seems to me that there are reasons for main- 
taining the position I have already ('98) advocated, that the 
nearest allies of Hadcurtas at present known are to be found 
in the family Antheomorphidae. I find myself obliged, how- 
ever, to recede from the position I held in 1898 as to the dis- 
tinctness of this family and to return to my earlier opinion, 
which has received the approval of so critical a taxonomist as 
Haddon ('98), that the Antheomorphidae should be included 
in the family Actiniidae, and if this view be accepted it is 
necessary to refer the genus Hadcurias to that family also. 

This will necessitate no important modification of the defini; 
tion of the Actiniidae given by Haddon ('98), but as I shall have 
occasion in the immediate future to consider the family in 
some detail, I shall postpone a discussion of its delimitation 
for the present. 


UNIVERSITY OF MICHIGAN, 
November 10, 1900. 
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OBSERVATIONS 
ON THE HABITS AND NATURAL HISTORY OF 
AMPHITHOE LONGIMANA SMITH. 


SAMUEL J. HOLMES. 


In the present paper I have given the results of my observa- 
tions made at Woods Holl, Mass., during the past summer on 
a species of amphipod, Amphithoe longimana Smith. Com- 
paratively little is known of the habits of amphipods, and most 
of what is known has been collected from scattered and casual 
observations. There is a value in getting together all the facts 
that can be obtained concerning any one species of animal, so 
that they may be viewed in their ensemd/e and thus give us 
some idea of the general life of the creature. For this reason 
it was deemed best to devote the short time that could be 
given to the study of amphipod behavior mainly to the observa- 
tion of a single species. 

Throughout the paper I have used many terms which imply 
the existence in the animal of certain psychical states, such as 
hunger, fear, and courage, without intending to affirm that such 
psychical states really exist in the animal's consciousness, or 
even that the animal possesses consciousness at all. It is diffi- 
cult to describe the behavior of an animal without the use of 
terms which have certain psychological connotations. Such 
terms are here used simply as a matter of convenience in 
describing actions simply as actions. The Crustacea may or 
may not be “ Reflexmachinen,” and Bethe and others may or 
may not be right in denying that they possess consciousness ; but, 
however this may be, descriptions of actions in psychological 
terms stand for certain peculiarities of conduct that could not 
otherwise be easily described, and if the sense in which such 
terms are used is understood, no confusion need result. 

Amphithoe longimana may be obtained in large numbers 


from the eel pond near the laboratory by simply drawing a 
165 
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net over the eel-grass. It is abundant during the summer 
months, a period when most of the other species of amphipods 
suffer a marked diminution in numbers. It is quite hardy, and 
may be kept alive for months in small glass dishes, if they are 
kept covered and the sea water kept fresh by a small piece of 
Ulva. Observations on this species were carried on for nearly 
three months. Specimens were kept isolated in small dishes 
and daily observations made and recorded. I was thus able to 
follow the histories of quite a number of individuals for a 
considerable period. 


Specific Description. 


Body slender. Eyes round. Lateral lobes of the head 
truncated in front. Antennules slender, about as long as the 
body, the second segment a little longer, but much more 
slender than the first; third segment from one-third to one- 
half the length of the second; flagellum much longer than the 
peduncle. Second antennae shorter than the first, but usually 
with a longer peduncle ; last segment of the peduncle a little 
longer than the preceding one; flagellum shorter than the two 
preceding basal joints. 

Second, third, and fourth epimera much longer vertically 
than wide; fifth epimeron about as long as the fourth, but 
broader and excavated at the upper posterior angle; lower 
margins of the epimera furnished with very short setae. 
Postero-lateral angles of the abdominal segments not acute. 

First gnathopods in the male elongated, the first joint pro- 
duced into a rounded lobe at the antero-distal angle ; carpus 
narrow, nearly as long as the hand, and thickly setose on the 
posterior margin; hand very long and narrow, slightly incurved, 
and of nearly the same width throughout, although slightly 


widened near the base; lower margin setose ; palm very short, 
transverse, and rounded at the outer angle; dactyl very large, 
dentate, and projecting far beyond the palm when closed. 
Second gnathopods much stouter than the first ; first joint with 
a rounded lobe at the antero-distal angle ; hand much broader 
and stouter than in the first pair; palm oblique, with a deep 
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sinus near the strongly produced outer angle; dactyl scarcely 
projecting beyond the palm. 

In the female the gnathopods are much shorter and weaker 
than in the male; the hand in the first pair is less elongated, 
and the palm is more oblique and more broadly rounded at the 
outer angle. In the second pair the sinus in the palm is not 
so deep, and the outer angle not so prominent as in the male. 

Peduncle of the first pair of pereopods rather slender, much 
longer than the rami, and reaching nearly to the tip of the 
peduncle of 
the second 
pair; inner 
ramusof the 
second pair 
of uropods 
about as 
long as the 
peduncle. Posterior pair of uropods with the rami 
scarcely half as long as the peduncle; rami subequal 
in length, the broader, more or less oval inner one 
with a short spine at the inner posterior angle and 
several setae on the transverse distal margin; outer 
ramus with the usual stout hooks. Length 6-9 mm. i 

In the older specimens the antennae are relatively more 
elongated, and the hands of the male relatively longer and 
narrower. The eyes in the living specimens are red, but 
become black in specimens preserved in alcohol. 


Habitat. 


The range of this species as reported by Professor Smith is 
from Vineyard Sound to New Jersey, and it has been reported 
from Provincetown, Mass., by Richard Rathbun. It is not 
uncommon among the seaweed near the shore, and it has been 
taken at the surface in the vicinity of Woods Holl in the tow 
net. Its occurrence at the surface is probably due to its 
having been carried away from the shore by tide currents, as 
it has a strong tendency to keep among objects of shelter. 
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Its most favored habitat seems to be the eel-grass, where it 
finds a convenient substratum upon which to construct its 
nests. This species is much more common in the eel pond 
at Woods Holl than outside; the abundance of eel-grass and 
various algae and the quiet water being conditions which doubt- 
less favor its perpetuation. It is not found on the muddy 
bottom and does not occur abundantly in the seaweeds near 
the bottom, but it may be obtained in quantity from the masses 
of eel-grass at the surface. 


Enemtes. 


In common with most amphipods, Amphithoe is doubtless 
preyed upon by fishes, and it certainly affords one of the prin- 
cipal articles of food of the small but voracious jelly-fish Goni- 
onemus. The latter form, however, owing to its unfortunate 
attractiveness to the zodlogists frequenting Woods Holl, is in 
danger of not continuing to be a very destructive enemy. It 
is very common to find Gonionemus with Amphithoe in its 
stomach. This crustacean falls an easy victim to its enemy, as 
it often makes surprisingly little effort to escape, owing possi- 
bly to a narcotizing effect of the poison of the nettling organs 
of its captor. I have seen an Amphithoe while swimming 
vigorously strike against the tentacles of the jelly-fish, suddenly 
stop, and remain almost perfectly quiet while it was being 
engulfed. 


Food. 


Amphithoe lives chiefly upon seaweed. The alimentary 
canal may usually be seen to contain numerous fragments of 
red or green algae. Pieces of Ulva that are kept in dishes 
containing these amphipods soon exhibit gnawed margins and, 
after some time, a marked diminution in size. I have often 
observed the process of feeding. The Ulva is gnawed directly 
by the mouth parts, without being previously torn away by the 
gnathopods. The quantity of algae eaten, judging by the 
amount of excrement voided, is very considerable. In order 
to ascertain how rapidly the excrement accumulated, a speci- 
men with an abundance of Ulva was placed in a clean dish, and 
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it was found that one hundred and forty-six masses accumulated 
in twenty-four hours. These masses consisted almost entirely 
of broken-up cells of Ulva, the contents of which had been 
digested out. By making a very rough estimate based on the 
size of these masses, it was calculated that the amount of food 
eaten by the animal in twenty-four hours was about equal to 
one-tenth of its bulk. 

Amphithoe is by no means a strict vegetarian, for it will 
devour animal food with great eagerness when it can be 
obtained. It is very fond of bits of flesh of almost any ani- 
mal, not excluding that of its own species. When aware of the 
presence of food sufficiently near its nest to be seized without 
letting go its hold, it will dart out,with a quick movement, grab 
the food with its gnathopods, and suddenly retract itself inside 
its domicile. When the food is brought in, it is held by the 
gnathopods while being devoured. 


Movements. 


Of the movements performed by Amphithoe, the beating of 
the pleopods is the most constant and uniform. Whether the 
animal is swimming, crawling, or lying quiet, the pleopods are 
continually engaged in their regular to and fro movement. 
The motion of these appendages while the animal is at rest 
serves to create a current of water past the gills in front, and 
thus aids in respiration. The abdomen, except during swim- 
ming, is held strongly flexed, forming a sinus, at the posterior 
end of which the bases of the pleopods are attached, the tips 
pointing forward. Small particles suspended in the water may 
be seen to be drawn in at the sides of this sinus and thrown 
out at the anterior end, thus indicating the course of the 
current. 

The rhythm of the motion of the pleopods, like the respira- 
tory movements of the higher vertebrates, goes on in a regular 
way as a rule, but may be checked by impulses from the higher 
nervous centers. When the animal changes its position, or 
executes any other decided movement, the pleopods may cease 
their action for a moment, but soon resume their regular beat 
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as before. Commonly during swimming the pleopods beat 
more rapidly, but this is not always the case. When the 
swimming ceases they drop back into their usual rhythm, 
whether faster or slower than before. In their motion the 
three pairs of pleopods act as a unit, keeping perfect time 
like well-trained oarsmen. If the abdomen be removed from 
the rest of the body, the pleopods, after a few spasmodic move- 
ments due to the shock of the operation, continue to beat 
rhythmically for several minutes; the three pairs all move with 
the same rhythm, though somewhat more slowly than before the 
operation. Moreover, if a single segment with its pair of 
appendages be isolated, the rhythmic motion of the appendages 
still goes on for some minutes, but gradually becomes slower 
and more irregular, until nothing but small twitches indicate 
the existence of irritability. 


When the animal is in a vigorous condition the beat of the 
pleopods is rapid, but when the creature becomes weakened the 
beat becomes slower, yet as long as life lasts the pleopods con- 
tinue their movements. The beat of the pleopods may still 
persist after the rest of the animal refuses to respond to any 


sort of stimulation. 

The swimming of Amphithoe is mainly effected by the pleo- 
pods. The first impulse, however, is gained by the sudden 
extension of the abdomen, which gives the body a rapid forward 
movement. The abdomen is then held in an extended position 
and the pleopods, which then hang nearly at right angles to the 
body, serve to continue the forward motion. When swimming 
against the force of gravity the motion of the pleopods alone 
is not sufficient to keep the body going, and when the original 
impetus becomes exhausted the abdomen is bent forward and 
again suddenly extended, giving the animal a fresh start. The 
flexure of the abdomen before every stroke tends to draw the 
body backward. This, combined with the weight of the animal, 
causes ground to be lost between every stroke. Swimming 
towards the surface is therefore accomplished by a series of 
springs, between each of which the animal falls back more or 
less. While swimming horizontally the beating of the pleo- 
pods is all that is required to keep up the motion; specimens 
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may be seen swimming about for a considerable time without 
employing the abdomen. 

Amphithoe has a decided disinclination for continuous swim- 
ming. Ordinarily it makes only short excursions from one 
place of concealment to another and generally stops upon 
meeting with the first solid object that comes in its way, 
although when situated where there is nothing to which it can 
lay hold it may swim for some time in a uniform manner. It 
may swim in various ways, on its side, or with either the dorsal 
or the ventral surface uppermost, and apparently gets along 
with about equal facility in any of these positions. 

The beat of the pleopods tends to propel the body not in a 
straight line forward but in a circular course. The pleopods 
being on the ventral side tend to cause the body to veer around 
towards the dorsal side. When the body is held somewhat 
concave on the ventral side, as it often is, this tendency may 
be balanced or overcome by the tendency to move in circles in 
the opposite direction. Such a condition is analogous to a 
person rowing on one side of a boat with the rudder turned 
toward the side of the oar. By having the body extended to 
the right degree a straight course may be maintained. The 
direction of movement is often changed by the animal turning 
now on one side and now on the other. Circular movements 
in one direction are thus compensated for by circular move- 
ments in another as the animal turns over and a certain general 
direction of motion is maintained. When swimming on the 
back a nearly straight course is kept by rolling the body 
slightly to the one or the other side. Rolling is probably 
effected by the movements of the hinder pairs of thoracic legs. 
When the animal is swimming these legs project outward and 
backward. A downward stroke of these appendages on one 
side would push the same side of the body upward and roll it 
over toward the opposite side. Ina larger species of amphipod, 
whose movements are not so exceedingly rapid as those of 
Amphithoe, I was able to see that the rolling of the body was 
effected in just this way. It is highly improbable that in 
Amphithoe a different method would be employed to produce 
the same result. However this may be, it is certain that 
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Amphithoe steers itself while swimming by altering the exten- 
sion of the abdomen and by rolling from side to side. Lateral 
bendings of the body could not be seen to play a part in 
directing the swimming motions, although I have observed 
this method of steering employed by other amphipods. 

Amphithoe longimana, \ike many other amphipods, is unable 
to walk over a plane surface. When out of water it is able to 
make indifferent progress by the characteristically amphipodan 
gliding movements produced by alternately flexing and extend- 
ing the abdomen. It is utterly incapable of leaping like the 
sand fleas and some of their aquatic relatives. Owing to its 
compressed form, it is unable to maintain itself upright while out 
of water, or even in water, unless it has some object to which it 
can lay hold. In its characteristic habitat among the seaweed, 
Amphithoe crawls with considerable agility. The principal 
organs for crawling are the second antennae, the two pairs of 
gnathopods, the third and fourth pairs of pereopods, and to a cer- 
tain extent the abdomen. The antennae are thrown over objects 
and flexed, thus tending to pull the body upward and forward. 
The gnathopods are used to seize objects in order to pull 
the body along. The two following pairs of appendages are 
employed much as the walking legs of insects, although they 
move in a nearly vertical plane. The abdomen assists in loco- 
motion by being thrust forward beneath the body until the tip 
is hooked on to some irregularity of the surface over which the 
animal is moving when it is extended, thus giving the body a 
forward impulse. The movement recalls the leaping motion 
effected by the abdomen in the sand fleas. In fact, very 
similar motions are performed in both cases, but in Amphithoe 
the motions are much less rapid and energetic. The ambula- 
tory movements of this species are never rapid, owing doubtless 
to the necessity for keeping the body from falling over on its 
side. The last three pairs of thoracic legs, although not used 
directly for locomotion, are indirectly of service in holding the 
body upright. These appendages, which are bent over the back 
and have their claws pointing forward, are used to hook on to 
objects and thus act as organs of support while progression is 
effected by the other appendages of the body. 
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Ordinarily Amphithoe lies in its nest, with the antennae pro- 
truding from the opening at the end. The lower pair of 
antennae are generally held motionless. The upper pair, how- 
ever, are usually seen to be moving to and fro, sweeping about 
in almost every direction. Occasionally their motion is sud- 
denly checked and they are held motionless for a time, but 
soon their movement is resumed. The significance of these 
movements will be discussed in a later section. The two pairs 
of gnathopods are used for a variety of purposes. Occasion- 
ally the antennae are bent downward and seized by the gnath- 
opods and the flagella drawn through the space between the 
dactyl and the palm. The function of this act is probably to 
strip off any foreign bodies that may become attached to the 
antennae. The gnathopods are frequently employed to grab 
passing objects and to reach out and pull in bits of seaweed for 
the construction of the nest. They are used also for holding 
the food that the animal is eating and for carrying bits of food 
to the mouth, where they are taken by the maxillipeds. While 
not exercising any of their normal functions they may often be 
seen going through the motions of grasping, with nothing to 
grasp. This restless activity of the gnathopods seems to be 
nothing but the exercise of the grasping reflex called forth by 
some unknown stimulus and having no useful result. The act is 
performed in all degrees of completeness, from a definite grasp- 
ing motion to a mere nervous twitch. The mouth parts per- 
form many motions when the animal is not masticating food. 
These movements, which resemble the normal motions of 
mastication so far as could be observed, apparently have no 
functional significance. They take place in specimens kept 
for a considerable time in dishes in which there is nothing 
that could serve for food. Like the grasping actions, they are 
movements which are called forth without the normal exciting 
cause. 

One of the most curious actions which Amphithoe performs 
is its reversal of position in the nest. If the antennae be 
somewhat roughly struck with a needle, or even if a threatening 
object suddenly appears close in front, the head and antennae 
will appear at the other end of the nest. As the nest is a tube 
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but little wider than the body of its occupant, no one who 
watches the operation can fail to have a feeling of admiration 
for the neatness and extreme quickness of this acrobatic feat. 
The animal executes this “ about face”’ with such rapidity that 
it is only after watching the operation repeatedly that one can 
determine how it is effected. As the animal lies in its nest 
the abdomen is bent forward and the posterior pairs of thoracic 
legs are directed backward, their claws being usually hooked 
into the walls of the nest. When about to turn around, the 
abdomen is thrust forward, its terminal hooks caught in the nest ; 
the tip of the abdomen, therefore, forms a fixed point, and the 
insertion of the thoracic legs forms another. The contraction of 
the legs would therefore pull the middle and anterior parts of the 
body backward. When the head is pulled back some distance, 
extension of the body occurs, forcing the anterior part of the 
body through to the other end of the nest. The head end 
being reversed, the abdomen is loosened and quickly flexed 
again under the body. The whole operation is completed in 
less than a second, and the animal may be made to repeat the 
performance several times in rapid succession. 


Nests and Nest-Building. 


The nests of Amphithoe are tubular structures which gener- 
ally exceed somewhat the length of the animal. They are 
made of a web-like material which, under the microscope, may 
be seen to be a network of exceedingly fine threads. The 
nests are usually constructed among the branches of the red 
seaweeds or upon the leaves of eel-grass or the fronds of Ulva. 
When built upon Ulva the nest is generally located in a wrinkle 
or fold of the surface which affords a partial shelter. The nest 
is open at both ends and is of about the same diameter through- 
out. Foreign materials, such as bits of seaweed, are usually 
woven into the nest and greatly add to its efficiency as a means 
of concealment. Amphithoe frequently leaves its nest, but I 
could find no evidence that it would return to its own nest 
more readily than to any other; it will simply enter the first 
unoccupied nest that comes in its way. When established in 
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a nest Amphithoe is driven out only with difficulty. A mem- 
ber of its own species that approaches is grabbed at and usually 
driven off, and the creature appears to be on the alert to keep 
out all intruders. The approach of a more formidable-looking 
object causes the animal to retreat farther back into its nest. 
If the antennae are stroked with a needle, a sudden somersault 
will be executed and the head will appear at the other end of 
the nest. Then it usually requires quite a series of pokes to 
make the creature quit the nest entirely. The instinct to 
remain in the nest when danger threatens presents a marked 
contrast to the quickness with which flight is made when the 
animal is roaming free. 

A new nest is constructed in a remarkably short time, often 
in less than a half hour. If a few specimens be placed ina 
dish of sea water containing a little seaweed, nests will be 
woven on the seaweed and on the lower surface of the dish, 
and in a short time the number of nests may greatly exceed 
the number of specimens. Those localities are chosen which 
give the animal a maximum of contact with solid objects. In 
dishes in which specimens were kept I have nearly always 
found several nests along the angle between the bottom and 
sides, although the seaweed kept in the dishes afforded locali- 
ties better adapted for concealment. The choice of a spot for 
a nest is apparently largely a matter of thigmotaxis. When 
the animal remains in a spot for some time, the nest-building 
activities begin, and where contact with different sides of the 
body is secured, as between the branches of seaweed, in the 
wrinkle of an Ulva frond, or in the angles of a glass dish, it 
remains quiet. If Amphithoe is observed while constructing 
its nest, the first and second pairs of pereopods will be seen to 
be busily engaged in moving back and forth from point to 
point along the surface on which the web is being laid down. 
The first and second pereopods contain large glands which are 
connected with a duct which opens at the tipof the claw. The 
material for the web is secreted by these glands and probably 
hardens soon after its emergence, like the web of a spider. A 
very fine thread of web may frequently be seen passing out 
from the small opening at the tip of the claw. As the tip of 
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the claw touches one point after another, the web, as it is drawn 
out, is fastened to different places. By moving back and forth 
and rolling around during the weaving process, the animal 
constructs its tubular dwelling. Several specimens from which 
I clipped the claws from the first two pairs of pereopods were 
kept for several days and did not construct a single nest. 
During the construction of the nest, Amphithoe will reach 
out and draw in bits of algae and other objects that lie near 
and incorporate them into its dwelling. In a few cases I have 
seen long pieces of algae bitten in two and used for this pur- 
pose. As Amphithoe lives largely on algae, this biting may 
not have had any special reference to nest-building, but may 
have been a manifestation of the ordinary reaction to food. 
In Microdeutopus, Smith has observed that the excrement of 
the animal is worked inte the web; but in Amphithoe, whose 
nest-building habits seem to be very similar, no such process 
could be observed. The excrement is passed out of the nest, 
accumulations of it usually being observable near the two ends. 


Moulting. 


Amphithoe was found to shed its skin more often than was 
anticipated. Most of the specimens I kept isolated as long as 
a week moulted once, and out of four specimens in which I 
have records of the dates of two successive moults of the same 
individual the interval between moults in three cases was seven 
days, and in the othercase eight days. These specimens were 
of the usual size. How rapidly moults occur in different periods 
of the life history of this species I cannot say. 

The process of moulting in Amphithoe occurs in the same 
manner as has been described in other species of amphipods. 
The skin splits transversely along the line joining the head and 
thorax, and on either side of the thorax is a longitudinal split 
which occurs between the upper margins of the epimera and 
the lower margins of the thoracic rings. This split may extend 
along all the thoracic segments. The head and antennae are 
pulled backward out of their investment and the posterior part 
of the body is pulled out forwards, the old skin, after being 
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shed, remaining intact except at the lines just mentioned. The 
moulting process takes several minutes at least and is accom- 
panied by considerable muscular effort to get out of the old skin. 

In the several cases in which I observed the process, Amphi- 
thoe leaves its nest to divest itself of its skin, and I have never 
observed a moult in a nest but always some distance away. 
After moulting the animal is rather quiet and cannot easily be 
enticed from its nest by food. I have observed several cases 
in which death occurred during the moulting process. In one 
case moulting was not completed for several days. The 
specimen was observed August 17 with the head and tail ends 
drawn partly out of the old case. The next day the head and 
antennae were still not completely drawn out, but the rest of 
the skin was kicked off. On August 21 it was still in the same 
condition, the feeble beating of the pleopods giving evidence 
of failing strength. On the next day it died, the head and 
antennae still only partly extricated from their old covering. 
In several cases the antennae were observed to become broken 
off in the process of moulting, but I have seen no cases in 
which other appendages became lost in this way. The anten- 
nae are the appendages most liable to more or less complete 
loss from other causes, but owing to the rapidity with which 
these organs can regenerate this loss can produce only a 
temporary inconvenience. The cast-off skins are found some- 
times on the bottom, and often floating on the surface of the 
water, and in a short time after they are shed become filled 
with swarms of protozoa. 


The Seat of Smell. 


Much has been written concerning the seat of the olfactory 
sense in the Crustacea, but most opinions on the subject have 
been based on morphological instead of experimental evidence. 
The work of May and Bethe affords good evidence that in the 
decapod Crustacea the seat of the olfactory sense, or, as Bethe 
prefers to call it, of chemoreception, is in the first antennae, as 
analogy with the insects would lead one to suspect. The first 
antennae are not, however, according to Bethe, the only seat 
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of chemoreception. In Carcinus the removal of the first 
antennae as far as the first basal segment is followed by a 
marked diminution of the power of reaction to chemical sub- 
stances in the water. A Carcinus when the eyes are black- 
ened over will find pieces of food when placed at some distance, 
by the sense of smell. When the first antennae are removed 
at the first basal segment, Bethe found that food may be placed 
as near as 10 cm. to the animal without calling forth any 
efforts to obtain it. When the food is brought close to the 
mouth or close behind the animal without contact with the body, 
it is seized and eaten. The first antennae, therefore, while 
they may be the main, are not the sole source of the reception 
of olfactory stimuli. 

My own observations on Amphithoe led me, before becoming 
acquainted with Bethe’s results, to infer a double seat of the 
sense of smell. In Amphithoe, as in Carcinus, the first anten- 
nae seem to be the most important olfactory organs. While 
the animal is at rest in its nest the antennules are kept swaying 
to and fro in different directions, as if they were being employed 
to explore the surroundings. If a small bit of flesh is held on 
a needle or in a fine pair of pinchers and carefully brought 
near the animal, the antennae check their random movements 
and make one or more strokes in the direction of the bit of 
flesh ; often the antennae are held for some time in the direc- 
tion of the object. On bringing the flesh nearer, the animal 
may be seen to adjust itself in the nest for a sudden spring, 
and if the flesh is sufficiently near to be touched by the 
antennules the amphipod makes a sudden dart from the nest, 
seizes the object, and draws quickly back again, never letting 
go its hold, however, of the nest. Theanimal as a rule readily 
distinguishes between the contact of flesh and that of a body 
not serviceable for food. Only rarely does touching the anten- 
nule with a needle call the animal forth from the nest. It 
may be deceived more often if, when excited by the presence 
of meat near by, one of its antennules be touched with a 
needle; then it may dart out towards the needle and even 
seize it. But the animal responds much more surely, as I have 
found by repeated experiments, when the antennules come in 
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contact with the food itself, even when the animal is excited by 
the presence of food in its vicinity. The darting forth, there- 
fore, is apparently caused, not merely by a tactile stimulation, 
but by a chemical stimulus from the food. The antennae are 
delicate tactile organs, and tactile stimuli may assist in calling 
forth the actions which result in the seizing of food, but tactile 
stimulation alone generally fails to accomplish this result. 

After Amphithoe has made a meal of fleshy diet it becomes 
quite indifferent to the presence of that kind of food in its 
vicinity and no longer darts forth to grab bits of flesh brought 
in contact with its antennules. Different individuals present 
very different degrees of eagerness for animal food, owing 
doubtless to varying intervals of time since their last repast. 

Sight has probably little to do with the food reactions of the 
animal. When the head is completely withdrawn in the nest 
the animals often give signs of perceiving food and dart after 
it when brought in contact with the antennules. In many 
cases the nest is so opaque that the animal cannot see through 
it with any distinctness, and under these circumstances, when 
the head was entirely withdrawn into the nest, I have often 
brought bits of meat so they would be touched by the anten- 
nules only when they were strongly bent backwards. Although 
the meat was out of sight, the amphipod would dart out, bend 
backwards, and seize the morsel. If the desired object is out 
of reach of the antennules, the amphipod will not spring for it, 
although it may be seen to make ready todo so. It will not 
go to the length of leaving the nest to seize food, even if its 
conduct betrays evidence of keen hunger. An object near 
enough to be struck by the swaying of the antennules is suffi- 
ciently near to be seized by the animal without letting go its 
hold of the nest. It is a noticeable feature of the species of 
Amphithoe and related genera that the antennules are, roughly 
speaking, of about the length of the body. This feature is not 
improbably correlated with the similar tube-dwelling habits of 
these forms, the length of the antennules gauging the length 
of a safe and successful spring. 

The effect of removing the antennules of Amphithoe is 
greatly to lessen responsiveness to olfactory stimuli. The 
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shock of the operation has a very temporary effect, for in a 
few hours the animals behave with their usual activity. Meat 


brought in contact with the second antennae is generally not 
seized. This, however, is not always the case, for in several 
instances I have found that contact with the second antennae 
causes the grasping reflex. I was inclined at first to attribute 
a certain olfactory sensibility to the second antennae, but | 
found later that the animal reacts about as well to olfactory 
stimuli when both antennae are removed as when the second 
alone remain. In specimens with both antennae removed near 
the base, leaving only the first joint of the peduncle of each 
pair, there was no reaction to food placed in what would have 
been within easy reach of the antennae before their removal. 
If a piece of meat is placed about 2 mm. from the mouth of the 
amphipod, it is generally allowed to remain untouched for 
several seconds and then suddenly seized and eaten. The 
morsel is seized by the gnathopods and at the same time 
bitten at with the mouth parts. The reaction is not an imme- 
diate one, such as is brought about by contact of the anten- 
nules with food. It appears to be necessary for the food to 
remain awhile in close proximity to the animal before its edible 
nature is perceived; when this occurs the seizing takes place 
quickly enough. I have tried to induce the animals to take 
bits of substance of the general appearance of fragments of 
meat and brought very close to the mouth parts, but they are 
apparently able to distinguish, before any contact with the 
object occurs, whether or not it is of an edible nature. It is 
true that Amphithoe often grasps objects that lie near by, 
pulls them back, and incorporates them into the structure of 
its nest, and it might be inferred that the seizing of meat lying 
close to its mouth by a specimen with both antennae removed 
is an expression of the nest-building instinct to seize any small 
object within reach for building material. The reactions in 
the two cases, which I have observed many times, differ. An 
object used for the construction of the nest is reached for and 
pulled back to the nest and not as a rule brought in contact 
with the mouth. A bit of meat is grabbed at and bitten at in 
the same act. This difference in reaction and the fact that 
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the animals seize bits of meat when they cannot be induced 
to pay attention to other objects of similar appearance con- 
vinced me that the reaction to food was caused by chemical 
stimulation from diffusing substances in the water. 

Removal of the second pair of antennae, the first being left 
intact, was not found to exert any marked influence upon 
reactions to chemical stimuli. The second antennae may 
transmit olfactory stimuli; it would be difficult to prove they 
do not in a certain degree, but the evidence obtained does not 
justify us in attributing to them this function. When, after 
removal of the first antennae, Amphithoe responds when food 
is brought in contact with the second antennae, the reaction 
may be due to the animal becoming aware of the presence of 
food through some other organ, contact with the antennae 
indicating that the food is sufficiently near to be seized. In 
other words, the reaction may be due to purely tactile stimula- 
tion, the animal being keyed to this reaction by the excitement 
of olfactory stimuli from some other organ. What other organ, 
or organs, may serve to transmit olfactory stimuli is uncertain. 
This has not been determined in the decapod Crustacea, which 
afford the only other instance in which a double seat of the 
olfactory sense has been suspected, or in fact in which, so far as 
I am aware, any experimental evidence has been adduced as to 
any location of this function at all. It seems probable that 
some of the mouth parts have some olfactory function, as they 
afford the most obviously appropriate location for such a sense. 
Owing to its small size, Amphithoe is not a favorable form in 
which to decide this question, and the attempt to do so was not 
made. 


Color and Color Changes. 


One cannot but be struck, when examining a number of 
specimens of this species, with the marked differences in color 
presented by different individuals. Some are bright green, like 
the bright green seaweeds; others may be nearly colorless; a 
few are of a light blue green tint, and many range from a light 
to a dark reddish-brown. The same individual may take on, at 
different times, all these varieties of coloration. The color 
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differences are produced by the variation of five elements: 
(1), the color of the chitinous integument; (2), the color of 
the blood and tissues ; (3), the contents of the alimentary canal ; 
(4), the color of the sex glands; (5), the pigment cells. The 
first of these factors is, perhaps, the least important and is not 
subject to great variation. The exoskeleton over most of the 
surface of the body is colorless ; on the antennae it is marked 
with transverse reddish-brown bands which give the light red- 
dish-brown annulations of these organs. This color is seen as 
distinctly in the shed skin as in the living animal. 

The color of the tissues and blood is subject to great varia- 
tion. The green color of Amphithoe, or the blue green tint 
when it occurs, is due to some coloring matter that is uniformly 
diffused throughout the animal. In some specimens there is a 
sufficient amount present to give the animal a brilliant emerald 
green, but many may be found in which not the slightest trace 
of green coloration-cewlé be detected. This green color may 
be seen to undergo marked changes in intensity if individuals 
be watched for several days. The blue color is much rarer. 
One specimen in which this blue coloration was strongly 
marked was kept under observation for several days. After 
five days most of the blue color had disappeared, the green 
becoming more nearly like the typical green of other forms. 
After six days the green was not to be distinguished from 
the ordinary type; the green color then gradually became 
fainter, and on the ninth day the tissues were whitish, scarcely 
a trace of green being visible. During all this time the speci- 
men ate abundantly of green algae, judging from the amount of 
excrement consisting of Ulva cells that accumulated in the dish. 

The contents of the alimentary canal influence to a consider- 
able extent the general color effect produced by the animal 
when seen by the naked eye. If they consist largely of green 
Ulva, they tend to give the animal a greenish appearance. If 
the Ulva has been subjected some time to the action of the 
digestive juices and become a yellowish color, it tends to give 
the animal a corresponding yellowish aspect. Light becoming 
colored by passing through the alimentary canal is reflected 
and re-reflected in the tissues and tends to make them appear 
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a corresponding color. I have several times cut off parts of 
the body to see if their color might not have been due to this 
cause; but whatever effect this factor may have it is certain 
that the green color of the blood and tissues is not entirely 
caused in this way as it may easily be observed in the isolated 
appendages. The part played by the sexual glands in the 
coloration of this species varies greatly owing to the variation 
in the size of these organs. 

It is to the pigment cells that the most marked changes of 
color are due. These cells are of two kinds, — reddish-brown 
pigment cells, and cells with apale green pigment. The latter 
play an insignificant part in the coloration of the animal, as 
they are pale in color and few in number, there being often 
not more than a dozen on the entire surface of the body. The 
pale green color appears most clearly in transmitted light; in 
reflected light they are of a silvery hue. Their size is about 
the same as the largest cells with red pigment. Like the latter, 
they are very richly branched, but were not seen to undergo 
much variation in the distribution of their pigment. They are 
mainly confined to the epimera, being usually situated near the 
lower margin. 

The most important elements in determining the color 
changes are the reddish-brown pigment spots. These spots 
are scattered all over the body and are found also on most of 
the appendages, especially towards the proximal end. When 
extended the pigment spots are large and very richly branched, 
forming most beautiful objects when seen under the microscope. 
When fully contracted these spots assume the form of round 
dots, and all stages of expansion may be seen in different 
specimens, or even in the same specimen, between the most 
contracted and the most expanded state. There are a few 
large spots near the lower edges of the epimera that are 
generally found in an expanded condition. Even when most 
of the spots over the surface of the body are contracted, these 
few spots, which may be not more than a dozen on each side, 
are usually conspicuously large. This circumstance affords a 
convenient means of distinguishing Amphithoe longimana at a 
glance from other species of the same genus. 
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The pigment spots of Amphithoe apparently contain but 
one kind of pigment. The whole system of chromatophores is 
much less complicated than that which Gamble and Keeble! 
found in Hippolyte varians, and the power of sympathetic color 
changes in relation to surrounding objects much less perfectly 
developed. Amphithoe may be said to adapt its color to its 
environment, but in only a rather rough way compared with the 
remarkable protective color changes of Hippolyte. Specimens 
taken from the eel-grass are very apt to be of a greenish color, 
and specimens taken from among masses of red seaweed are 
usually colored somewhat like their environment. While on 
the eel-grass, they are usually exposed to the light and the pig- 
ment spots are ina contracted condition. This allows the green 
color of the tissues to be seen, and the animal has, consequently, 
a greenish aspect. In the masses of red seaweed the animal 
is usually more shaded and the pigment spots become expanded, 
giving the animal a reddish tint which helps to conceal it in its 
environment. Moreover the alimentary canal in specimens 
found in the red seaweed often contains a greater or less 
quantity of this alga, and this also helps to color the animal in 
a protective manner. So far as the green color of the tissues 
is concerned there appears to be no difference between the 
animals from different habitats. The change from green to 
reddish, or the reverse, completes the range of adaptive color 
variations in this species so far as they are induced by changes 
in the environment. And this kind of color change is the 
one best adapted to afford protection to the species in its usual 
habitat. 

The pigment spots of Amphithoe change very slowly; it 
generally requires some hours to effect a change from the 
expanded to the contracted condition. It was found by several 
experiments that exposure to bright light causes the pigment 
spots to contract, while specimens that have been kept in the 
dark for several hours generally have the pigment spots much 
expanded. 


1 Quart. Journ. Micr. Sci., 1900. 
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Sexual Habits. 


Concerning the sexual habits of Amphithoe I have little to 
add beyond what is known among other amphipods. The male 
carries the female:about for a considerable period and main- 
tains his hold against efforts to dislodge him with great perti- 
nacity. The instinct to retain hold of the female is sufficient to 
overcome all fear, and it is difficult to separate the male without 
injury. The posterior part of the body may be cut off, and yet 
the anterior portion retains its hold of the female as long 
as sufficient vitality remains. Ordinarily the male retains his 
hold of the female by hooking the claws of his pereopods 
beneath the edges of the epimera. The gnathopods are not 
generally employed for this purpose, but are called into use 
when a sudden disturbance renders the hold of the male inse- 
cure. The female remains remarkably passive when carried 
about by the male. Her body is usually held quite strongly 
flexed and the male does the swimming for both, the female 
being transported as so much dead weight. While carried by 
the male the female seems much less responsive to stimuli 
than when free. When poked by a needle she often makes 
little motion, but the more alert male is generally aware of the 
disturbance and carries her away from the seat of annoyance. 


The Disposal of Excrement. 


In its natural position Amphithoe lies so that the excrement 
that is voided would be deposited in the nest. Yet the excre- 
ment is never found in the nest but at some distance from 
either end. At first I supposed that it was carried out by the 
current of water produced by the movement of the pleopods, 
but, after watching the animal, I noticed that when excrement 
was extruded the abdomen was bent forward and the gnatho- 
pods reached back and seized the mass as it was ejected from 
the intestine, and passed it out of the front end of the nest. 
This act was observed three or four times, but whether it is 
always performed when excrement is extruded I cannot state. 
In one individual lying outside a nest on the bottom of a glass 
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dish I noticed that when excrement was passed the abdomen 
was bent forward and the mass seized by the gnathopods and 
passed forward, just as it is when the animal is in the nest. 
There was of course no use in seizing the excrement under the 
circumstances, but the act was performed in the usual instinctive 
way nevertheless. 


Timidity and Pugnacity. 


Specimens of Amphithoe are very ready to attack other 
amphipods that come near and drive them away. The ani- 
mals appear to be on the alert to prevent any other individual 
from gaining access to the nest, —so much so that they very 
frequently spring out at a passing amphipod and bite at it in 
what appears to be a particularly vicious and hateful manner. 
The individual attacked does not, so far as I have observed, 
attempt any defense but precipitately flees from the spot. Any- 
thing that properly could be called a fight is never engaged in; 
a passing nip with the gnathopods, or bite with the jaws, is all 
that seems to occur in the nature of hostilities. 

While ready to dispute the entrance of another amphipod 
from in front, Amphithoe generally quickly flees from its nest 
when an intruder enters from behind. One often sees the 
occupants of nests routed out by others entering in this way, 
and I have seen one individual that was expelled by another 
entering behind it swim around, enter the other end of the 
nest, and drive out the intruder. Courage in Amphithoe 
depends in great measure on whether the attack is made from 
in front or behind. 

Outside the nest Amphithoe is very timid. It does not 
attack its fellows except by giving an occasional nip when 
accidentally colliding with them, and it flees quickly when 
disturbed. It can very rarely be induced to seize meat, how- 
ever hungry it may be, and however carefully the food be 
presented. Even when in the nest, care has to be taken in 
offering the animal food lest it be alarmed by one’s move- 
ments. This alarm is manifested by withdrawing a short dis- 
tance in the nest. Whenan animal to which meat is presented 
withdraws in this way, I find that it is useless to attempt to 
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induce it to take food for several minutes, until its fright wears 
away. Experience in feeding these animals soon enables one 
to tell whether or not they have become frightened by your 
actions. 

So far as my observations go they indicate that Amphithoe 
has very little true pugnacity. It does not engage in a conflict 
in order to overcome an adversary, as many decapod Crustaceans 
do; it fights only in self-defense. The attacks on other 
amphipods passing by the nest are simply measures to keep 
out unwelcome visitors. Had not these forms the instinct to 
keep the nest to themselves, several individuals would often 
crowd into the same nest much to their mutual inconvenience. 


Phototaxis. 


Amphithoe, like most of the aquatic Gammaridea, is nega- 
tively phototactic. The specimens experimented with were 
placed in an elongated, rectangular dish contained in a box 
open at one end and above and blackened on the inside. When 
placed near a window, either in direct sunlight or so that rays 
of diffuse daylight fell obliquely into the dish, the animals 
would swim towards the end of the dish farthest from the 
source of light. When the dish was turned about, they swam 
back again to the other end. In lamplight they may be driven 
alternately from one end to the other by moving the lamp back 
and forth to opposite ends of the dish. The endeavor was 
made to make Amphithoe positively phototactic by altering the 
temperature and concentration of the sea water, but only nega- 
tive results were obtained. The animals remain negative until 
the water is heated to about go° Fahr., when little responsive- 
ness to light remains. Further heating causes heat rigor to 
supervene. Increase of temperature may be carried to the 
point of producing death without changing the direction of the 
phototactic movements. It is not probable that cooling the water 
below the normal temperature would alter the phototactic 
response. Decrease of temperature, other things equal, tends 
to give rise to negative phototaxis in Orchestia, and increase of 
temperature has the effect of making this form more positive. 





188 HOLMES. (Vor. Il. 


Raising the temperature has the effect of making Gammarus 
mucronatus positively phototactic, but an increase of only a few 
degrees beyond the point where its phototaxis changes pro- 
duces heat rigor. Possibly Amphithoe might be rendered 
positively phototactic could it endure a somewhat higher 
temperature. 

Neither increasing nor decreasing the concentration of the 
sea water was found to effect a change in the direction of 
phototaxis. A more extended account of phototaxis in the 
Amphipoda will appear in another paper. 


Thigmotaxis. 


The tendency of Amphithoe to keep in contact with solid 
objects is one of the most conspicuous features of its behavior. 
This tendency is apparently one of the fundamental instincts 
of the group, as it is exhibited very strongly by most of the 
Amphipoda. When placed among branched seaweeds, Amphi- 
thoe stops only after it works its way among the branches 
where there is contact on several sides of the body. In Ulva 
it comes to rest in a fold of the frond. When placed in a glass 
dish containing nothing but sea water, it swims about restlessly 
and eventually comes to lie quiet in the angle between the 
bottom and side. The instinct to crawl into an empty nest 
is an expression of the same tendency. Were it not for its 
thigmotaxis, the whole conduct of the animal would be very 
different from what it is. Many other instincts, like the nest- 
building instinct and the instincts associated with it, are built 
upon this fundamental reaction as a foundation. It does not 
seem improbable that the instinct of the female to remain 
perfectly quiet while carried about by the male, and even the 
strong propensity of the male to seize and retain hold of the 
female, may be but modified and specialized forms of thigmo- 
taxis. Given variations of responsiveness to contact in differ- 
ent parts of the body, and variations in the manner in which 
the responsiveness is exhibited, we would have the means by 
which thigmotaxis might be modified by natural selection into 
more specialized forms of behavior. If the origin of the various 
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forms of amphipod behavior could be traced, it would be found, 
I believe, that thigmotaxis is the mother of many instincts. 


The Instincts of the Young. 


When the young of Amphithoe quit the maternal brood 
pouch, they have a quite different appearance from the adult. 
They are whitish in color, with only a very few pigment spots, 
located for the most part on the epimera, each epimeron con- 
taining often but one spot. These pigment cells are of a 
greenish-gray color and apparently have none of the reddish- 
brown pigment which is found in those of the adult. By 
reflected light they have a light greenish-silvery appearance 
much like the large light green cells of the adult, but they 
are very much smaller and much less branched. The head is 
relatively large, but the eyes are small and red and composed 
of only six ocelli, one of which is in the center surrounded by 
five others. The number of ocelli, therefore, increases very 
greatly as the animal grows older. Both pairs of antennae are 
short, the flagella of the first pair consisting of four joints and 
those of the second pair of but three. 

The young when first hatched are in a feeble condition and 
are carried about for a few days in the brood chamber of the 
mother. Before they are hatched one can easily see the beating 
of the heart and the peristaltic movements of the intestine. 
Shortly before their emergence the young may be observed 
flexing and extending the body in the effort to break the shell. 
In one case I removed a lot of eggs from the brood pouch of 
the mother while they were hatching. Those that had not yet 
emerged were very vigorous in their movements within the 
shell. When hatched they were unable to swim, and their 
movements were irregular and little céordinated. The next 
day a few had died; the others could swim feebly, but none 
well, and if they became caught in the film at the surface of 
the water they were unable to overcome the surface tension 
and get free. In another case I removed from the brood 
pouch of a female several young that had been hatched only 
for a short time, as they were feeble and scarcely able to swim. 
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The swimmerets, however, beat rapidly, and the maxillipeds 
and gnathopods were in constant motion. The antennules 
were moved more than the antennae, but their movements were 
more jerky and irregular than in the adult. The next day 
several others came out of the brood pouch of the mother of 
their own accord. They were a little more active than those 
that had been removed the day before and exhibited apparently 
a faint negative phototaxis. They had been out only a short 
time when they began constructing nests. These nests were 
the same in shape as those formed by the adult, and the 
behavior of the young in relation to the nest was almost exactly 
like that of the older individuals. One of these young impaled 
on a needle was presented to one of the same brood lying in 
its nest. At first the animal gave signs of timidity and with- 
drew further into its nest. After some waiting the animal 
emerged a little and began waving its antennules in the usual 
manner. When they touched the food the creature darted out 
quickly, seized it, dragged it back, and proceeded to devour it 
at leisure. Apparently, it is only one or two days after hatching 
that the young get effective control of their movements, and 
they probably remain at least that long in the maternal brood 
pouch. When they are sufficiently active to make their exit they 
are equipped for the business of life. It was a matter of some 
surprise to observe how perfectly endowed the young are with 
the instincts of the parent forms. Their behavior in almost 
every respect seems exactly like that of the adults. The nest- 
building, movements within the nest, such as waving the anten- 
nules, retraction, reversal of position, springing out after food, 
jumping after passers-by, signs of timidity, as well as the 
general behavior outside the nest, are all carried on just as in 
individuals many times their size. 


Regeneration. 


No attempt was made to study the power of regeneration in 
Amphithoe, but it may be worth while to record a few observa- 
tions that were made incidentally on the regeneration of the 
antennae. The antennae were removed in several specimens 
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while studying the reactions of the animal to olfactory stimuli, 
and it was noticed that the regeneration of these appendages 
took place with considerable rapidity. Several observations 
were also made on specimens in which the antennae were 
found to have been accidentally lost. In a specimen (Fig. 2) 
observed August 13 the left antennule had been removed at 
the end of the second joint, and the right one at the end of the 
first. Of the second antennae the left member was off at the 
end of the fourth joint, which had a small, apparently regener- 
ated knob at the end, and the right was gone at the end of the 
third and hada black tip. On August 16 the specimen moulted 
and the antennae appeared as follows: The right antennule 
had regenerated the last two joints of the peduncle and a 
flagellum of twelve joints; the left antennule also had com- 
pleted its peduncle and regen- 
erated a flagellum of seven 
joints, two of which were par- 
tially constricted in the mid- 
dle and may have later become 
separated into two joints each. The second | 

antennae had both completed their peduncles, 

the fifth joint in the right one being somewhat 

longer than in the left. The left antenna as a 

whole, however, was longer than the right, and its flagellum 
consisted of nine joints, while that of the right was composed 
of seven. How long the antennae had been injured when 
the observation was first made I cannot state, but it was cer- 
tainly since the previous moult, so these appendages were 
probably regenerated in not much over a week and possibly 
in a less time. In another specimen first observed August 
13 the left antennule was gone at the end of the second 
joint, and the right one at the middle of the second joint. 
The left second antenna was off near the end of the fourth 
joint, and the right one at the end of the third. After moult- 
ing, which occurred on August 14 or 15, the right antennule 
had a completed peduncle and a flagellum of six joints; the 
left antennule did not regenerate. Each of the second anten- 
nae had a complete peduncle, and the left one had a flagellum 


Fic. 2. 
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of three joints and a minute terminal fourth joint; the right 
one had a flagellum of four joints. 


The Effect of Cutting the Animal in Two. 


It has been found in many of the lower animals that, after 
removal of the posterior part of the body, the anterior portion 
manifests little signs of pain and acts as if no injury had been 
received. Many interesting cases of this kind have been col- 
lected by Dr. Norman in his paper entitled “ Do the Reactions 
of the Lower Animals against Injury indicate Pain Sensa- 
tions?” ! 


In order to see how the removal of the posterior part of the 
body affects the behavior of Amphithoe, I cut the animal in 
two just behind the third thoracic segment. In the posterior 
piece the thoracic legs moved but little, but the pleopods kept 
up their rhythmical beating for fully a half hour. The anterior 
part of the animal apparently suffered little discomfort, since, 
after the operation, it behaved much as if forming a part of the 


whole organism. The animal lay moving its antennules to and 
fro and making the usual movements of its gnathopods, just as 
an uninjured specimen would do. <A piece of meat was brought 
near so that it was struck by the movements of the antennules ; 
it was first swept a little nearer by the second antennae, and 
then quickly grabbed by the gnathopods, drawn in, and eaten, 
although the food could pass through only the small part of 
the alimentary canal that remained. Since this reaction in 
the normal animal is readily prevented by fear, and only occurs 
when the animal is hungry, it is somewhat surprising to find it 
performed after such a serious injury as the loss of the poste- 
rior half or more of the body. The animal behaves in such an 
apparently normal manner after this operation that it would 
seem as if the loss was scarcely felt. Owing to the loss of the 
posterior part of the body, many of the actions of the animal 
are naturally impeded or prevented. It cannot, for instance, 
get meat except when it is placed quite near, as it is unable to 
make its accustomed spring out of the nest. But in general, 


1 Am. Journ. Phys. Vol. iii, p. 271. 1900. 
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so far as the actions of the animal are modified, they are 
affected rather by the loss of certain organs than by any shock 
to the central nervous system. The loss of blood consequent 
upon the operation soon leads to weakness and finally death. 
Were it not for the profuse bleeding that occurs, the separated 


halves of the body could probably be kept alive for a long 
period. 
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